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Abstract.—Although several studies have reported basic information about the size of Kelp Gull (Larus do-
minicanus) eggs, no attention has been paid to the comparison of patterns of intra-clutch variation at different 
breeding sites. Here, the variation in egg size of Kelp Gulls at two colonies from Patagonia, Argentina, was 
analyzed. The objectives were to characterize egg size variation in Kelp Gulls breeding at a recently established 
colony in Punta Loma that primarily relies on natural prey; and to evaluate if patterns of intra-clutch variation 
in that colony differ from those at Vernaci Sudoeste Island, a larger and well-established colony with access to 
supplementary food in the form of fishery waste. In two-egg clutches, first-eggs were larger than second-eggs. 
Neither average egg size nor intra-clutch patterns differed between study sites. Also, in two-egg clutches, egg size 
decreased as date of laying increased, probably due to younger birds laying smaller eggs later in the season. The 
pattern of intra-clutch variation in three-egg clutches differed between sites. Three-egg clutches at Vernaci Su-
doeste Island presented similar sizes for first- and second-eggs and these were larger than third-eggs. This pattern 
contrasted with the steady decrease in relation to laying order that was observed at Punta Loma. Also, second- 
and third-eggs from Vernaci Sudoeste Island were larger than corresponding eggs from Punta Loma. Our data 
suggest that differences in egg size between colonies could be the consequence of enhanced food availability at 
Vernaci Sudoeste Island in the form of discards generated by trawl fisheries. Future studies to evaluate age of 
birds and inter-annual environmental stochasticity are needed to elucidate the effect of these factors on egg size 
variation. Received 5 April 2014, accepted 13 November 2014.
Key words.—egg laying order, egg mass, egg variation, food availability, intra-clutch variation, Kelp Gull, Larus 
dominicanus.
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The study of intra-specific variation in 
egg size is of biological interest because egg 
size varies greatly within bird species and 
has important implications for offspring 
quality and survival (Christians 2002). Egg 
production is a nutritionally demanding 
process (Williams 2005) that can be limited 
by the quantity and quality of food avail-
able to the female during clutch formation. 
Several studies on gulls suggested that av-
erage egg size is reduced under poor feed-
ing conditions (Pierotti and Bellrose 1986; 
Sydeman and Emslie 1992). Experimental 
evidence that food can limit egg produc-
tion in gulls has come from food supple-
mentation studies that resulted in increases 
in egg size (Reid 1987; Bolton et al. 1992). 
In addition, nutritional or energetic con-
straints operating on the laying female also 
have been invoked to explain patterns of 
intra-clutch egg-size variation (Järvinen and 
Ylimaunu 1986; Pierotti and Bellrose 1986). 
Such constraints may be especially notice-
able where egg size declines with laying or-
der because the relative size of the last egg 
in the clutch is presumed to depend on nu-
tritional condition and energy reserves of 
the laying female (Järvinen and Ylimaunu 
1986; Pierotti and Bellrose 1986; Kilpi et al. 
1996). If so, patterns of intra-clutch varia-
tion in egg size could differ between colo-
nies according to prevailing food condi-
tions, which vary in space and time.
Most gull species (Laridae) produce a 
typical clutch of three eggs where the third-
laid egg is the smallest of the clutch (Reid 
1987). Pierotti and Bellrose (1986) suggest-
ed that variation in egg size in gulls may be 
due to variation in female energy reserves 
and predicted that in colonies where food 
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is abundant, differences in egg size within 
clutches may be reduced or even absent. 
Moreover, Kilpi et al. (1996) suggested that 
the size of the last egg in the clutch reflects 
the feeding potential in the environment 
and is mainly a non-adaptive response to 
prevailing feeding conditions during egg 
formation.
The Kelp Gull (Larus dominicanus) is 
widely distributed in the southern hemi-
sphere, breeding in Australia, New Zealand, 
southern Africa, South America, subant-
arctic islands and the Antarctic Peninsula 
(Burger and Gochfeld 1996). Kelp Gulls are 
generalist and opportunistic feeders that 
take advantage of artificial food sources, 
such as fisheries discards and urban refuse 
(Yorio et al. 2005). In Patagonia, Argentina, 
the Kelp Gull is the most abundant gull spe-
cies (Yorio et al. 1999), with an estimated to-
tal population of over 98,000 breeding pairs 
(Yorio et al. 1998; Lisnizer et al. 2011). Sev-
eral studies have reported basic information 
about the size of Kelp Gull eggs (Williams et 
al. 1984; Yorio and García Borboroglu 2002; 
Branco et al. 2009). However, no attention 
has been paid to the comparison of patterns 
of intra-clutch variation between different 
breeding sites.
Yorio and García Borboroglu (2002) de-
scribed basic aspects of egg size variation 
in a large and well-established Kelp Gull 
colony located at Vernaci Sudoeste Island, 
San Jorge Gulf, Patagonia, Argentina. Im-
portant Argentine hake (Merluccius hubbsi) 
and Argentine red shrimp (Pleoticus muel-
leri) trawl fisheries that operate year round 
in the vicinity of Vernaci Sudoeste Island 
provide significant amounts of supplemen-
tary food to Kelp Gull populations in the 
form of fishery waste (González-Zevallos 
and Yorio 2006; González-Zevallos et al. 
2011).
Our objectives were to: 1) characterize 
egg size variation in Kelp Gulls breeding 
at a recently established colony in Punta 
Loma (Lisnizer et al. 2014), which primar-
ily relies on natural prey; and 2) evaluate 
if patterns of intra-clutch variation in that 
colony differ from those at Vernaci Su-
doeste Island.
MethodS
Study Area
The Punta Loma Protected Area (42° 49'′ S, 64° 47′' 
W) is located 15 km from the city of Puerto Madryn, 
Patagonia, Argentina. Kelp Gulls first nested at this lo-
cation in 2004 (Lisnizer et al. 2014). The abundance of 
breeding pairs increased rapidly during the first years 
since the colony established, reaching about 100 breed-
ing pairs by 2006 (Lisnizer et al. 2014). Punta Loma is 
located approximately 18 km from the Puerto Madryn 
refuse tip, and no fisheries operate close to the area. 
Kelp Gulls from Punta Loma include waste from pro-
cessing plants in their diets, but in a relatively minor 
proportion (M. Ricciardi and P. Yorio, unpubl. data).
Vernaci Sudoeste Island (45° 11'′ S, 66° 31'′ W) has 
an area of approximately 6.4 ha and is located at San 
Jorge Gulf National Park, Patagonia, Argentina. Kelp 
Gulls are the most abundant seabird species breeding 
on the island; their numbers have increased from 6,300 
to 9,200 breeding pairs between 1995 and 2006 (Yorio et 
al. 1998; Lisnizer et al. 2011). Similar or higher popula-
tion trends were observed for other Kelp Gull colonies 
in that coastal sector (Lisnizer et al. 2011).
Data Collection
Data from Punta Loma correspond to the 2006 
and 2007 breeding seasons, while data from Vernaci 
Sudoeste Island were collected during 1998 and 1999. 
From September to December, we collected informa-
tion on timing of nest initiation, laying dates, clutch 
size, egg size and laying order. Only first clutches were 
included in this study. We marked eggs with a felt-tip 
pen, identifying the order in which it was laid. We mea-
sured the length and breadth of the eggs with calipers 
to the nearest 0.1 mm. In total, we measured 962 eggs 
from 408 clutches (Punta Loma: 114 and 108 clutches 
in 2006 and 2007, respectively; Vernaci Sudoeste Island: 
92 and 94 clutches in 1998 and 1999, respectively).
Statistical Analysis
We calculated egg mass from egg-length and 
breadth measurements using the formula: Egg mass = 
Km × Length × Breadth
2 (Hoyt 1979), where Km is a spe-
cies-specific mass coefficient determined from 30 eggs 
measured and weighed within 3 days of when they were 
laid (Km = 5.34 × 10
–4 g x mm–3). Calculated egg mass 
explained 94.8% of the fresh-egg mass (r = 0.974, F1,28 = 
515, P < 0.0001), so we used calculated mass as a reliable 
estimator of egg size.
To test the effects of laying order, study site, and lay-
ing date (hereafter, explanatory variables) and their in-
teractions on egg mass, we employed linear mixed mod-
els (Pinheiro and Bates 2000). We included ‘year’ (four 
levels: 1998, 1999, 2006 and 2007) and ‘nest identity’ 
nested in year (nest number, a unique code for each 
nesting attempt) as random effects.
To properly evaluate the interaction terms between 
laying order and other predictor variables, we conduct-
ed separate analyses for two- and three-egg clutches. 
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Egg laying order was included as a factor with first-, 
second- and third-laid eggs coded as a-, b- and c-eggs, re-
spectively. Study site (Punta Loma or Vernaci Sudoeste 
Island) was included as a two-level factor. Laying date 
was standardized across years before inclusion, enter-
ing it as a deviation from the median laying date of the 
relevant year and dividing the result by the standard 
deviation for that year. Due to logistical limitations, lay-
ing order could not be determined for some clutches; 
therefore, those clutches were excluded from our statis-
tical analyses. Laying order was known for 124 and 138 
two- and three-egg clutches, respectively.
Statistical analyses were carried out using Program 
R (R Development Core Team 2013). Values were re-
ported as means ± SE, except where noted. All tests 
were two-tailed, and differences were considered sig-
nificant at P < 0.05.
reSultS
Overall, mean egg mass at Punta Loma 
was 87.9 g (SD = 7.8 g, CV = 8.9%, n = 461 
eggs from 222 clutches). Egg mass ranged 
from 67.6 to 121.7 g, the largest egg being 
80% heavier than the smallest. Egg length 
ranged from 60.6 to 81.7 mm (mean = 70.8 
mm, SD = 3.1, n = 461) and breadth from 
44.1 to 52.8 mm (mean = 48.2 mm, SD = 1.5, 
n = 461). At Punta Loma, we measured eggs 
in 222 clutches, but knew clutch size and se-
quence of laying in only 155 of them (Table 
1). First-laid (a-) eggs were heavier than the 
b-eggs in 65% (91/141) of clutches, while 
the c-eggs were the lightest in 98% (80/82) 
of clutches.
In two-egg clutches, a-eggs were heavier 
than b-eggs (data from both colonies pooled; 
a-eggs: 90.6 ± 0.7 g; b-eggs: 88.6 ± 0.5 g; Table 
2). Egg mass decreased as date of laying in-
creased (β = -1.61 ± 0.79; Table 2). The de-
crease in egg mass with laying date did not 
differ with laying order (Table 2; Fig. 1). 
Also, the decrease in egg mass with laying or-
der did not differ between study sites (Table 
2; Fig. 2A). There was no variability between 
years within colonies, as the random effect 
of year was non-significant (Table 2).
In three-egg clutches, the pattern of 
intra-clutch variation in relation to laying 
order differed between study sites (Table 2; 
Fig. 2B). At Punta Loma, egg mass progres-
sively decreased with the order in which 
eggs were laid (a-eggs – b-eggs: z = 2.36, P 
= 0.048; a-eggs – c-eggs: z = 19.7, P < 0.001; 
b-eggs – c-eggs: z = 17.3, P < 0.001; Fig. 2B). 
At Vernaci Sudoeste Island, egg mass did 
not differ between a- and b-eggs (a-eggs – 
b-eggs: z = -0.76, P = 0.73), while both were 
heavier than c-eggs (a-eggs – c-eggs: z = 11.8, 
P < 0.001; b-eggs – c-eggs: z = 12.5, P < 0.001; 
Table 1. Length (mm), breadth (mm) and mass (g) (mean ± SD; CV in parentheses) of Kelp Gull (Larus dominica-
nus) eggs from Punta Loma colony in relation to laying sequence and clutch size. First-, second-, third- and fourth-
laid eggs were coded as a-, b-, c- and d-eggs, respectively.
Clutch Size
Egg Laying Order
a-eggs b-eggs c-eggs d-eggs
One-egg clutches (n = 13)
Egg length (mm) 71.0 ± 3.5 (4.9)
Egg breadth (mm) 47.7 ± 1.5 (3.1)
Egg mass (g) 86.4 ± 8.0 (9.3)
Two-egg clutches (n = 59)
Egg length (mm) 71.3 ± 3.2 (4.5) 70.8 ± 3.0 (4.2)
Egg breadth (mm) 48.6 ± 1.4 (2.9) 48.1 ± 1.3 (2.7)
Egg mass (g) 90.1 ± 7.9 (8.8) 87.6 ± 7.1 (8.1)
Three-egg clutches (n = 82)
Egg length (mm) 72.2 ± 2.8 (3.9) 71.2 ± 2.6 (3.7) 69.4 ± 2.8 (4.0)
Egg breadth (mm) 48.8 ± 1.2 (2.5) 48.8 ± 1.0 (2.0) 47.0 ± 1.2 (2.6)
Egg mass (g) 91.9 ± 6.5 (7.1) 90.7 ± 5.7 (6.3) 82.0 ± 6.2 (7.6)
Four-egg clutches (n = 1)
Egg length (mm) 71.5 72.1 65.3 68.3
Egg breadth (mm) 47.8 47.2 45.0 46.1
Egg mass (g) 87.4 85.5 70.5 77.3
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Fig. 2B). In addition, while mass of a-eggs 
did not differ between study sites (z = 0.5, P = 
0.63), b- and c-eggs from Vernaci Sudoeste Is-
land were heavier than corresponding eggs 
from Punta Loma (b-eggs: z = 2.1, P = 0.035; 
c-eggs: z = 2.8, P < 0.01; Fig. 2B). The random 
effect of year was not significant (Table 2).
diScuSSioN
Overall, the length, breadth and mass of 
eggs from Punta Loma were within the range 
reported for the species (Williams et al. 1984; 
Yorio and García Borboroglu 2002; Branco et 
al. 2009). Also, at both studied colonies, egg 
mass decreased with laying sequence with c-
eggs being lighter than a- and b-eggs, which 
is in consonance with the typical pattern ex-
hibited by gulls (Bolton et al. 1992; Sydeman 
and Emslie 1992; but see Pierotti and Bell-
rose 1986), in general, and by the Kelp Gull 
(Williams et al. 1984; Branco et al. 2009), in 
particular.
Pierotti and Bellrose (1986) proposed 
that variation in egg size in gulls may be due 
to variation in female energy reserves, and 
that in colonies where food is abundant, the 
amount of egg size variation within clutches 
would be reduced. These authors found that Ta
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Figure 1. Relationship between standardized laying date 
and estimated mass of eggs of Kelp Gulls (Larus domini-
canus) for first- and second-eggs in two-egg clutches (n 
= 124). First- and second-laid eggs were coded as a- and 
b-eggs, respectively. Adjusted functions for a- and b-eggs 
are Egg mass = 90.6-1.61 x and Egg mass = 88.6-1.61 x, 
respectively.
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Western Gulls (L. occidentalis) breeding in 
a colony with a superabundant food supply 
laid the largest eggs ever reported for that 
species (Pierotti and Bellrose 1986). More-
over, Pierotti and Bellrose (1986) reported 
that c-eggs were as large as a- and b-eggs. In 
a study carried out on the same species but 
in a large and dense population with pelagic 
feeding habits, Sydeman and Emslie (1992) 
found the typical pattern where c-eggs were 
smaller than a- and b-eggs. Also, these au-
thors found that the magnitude of intra-
clutch variation in egg size depended on 
environmental conditions probably related 
to food availability. In that study, intra-clutch 
differences between a- and c-eggs were more 
pronounced in years of poor food availabil-
ity (Sydeman and Emslie 1992).
Our study shows that at two-egg clutches, 
a-eggs were heavier than b-eggs, which was 
in accordance with the pattern exhibited by 
other Kelp Gull populations (Williams et al. 
1984). Neither average egg mass nor pattern 
of intra-clutch variation differed between 
sites for two-egg clutches. Also in two-egg 
clutches, we found that egg mass decreased 
as date of laying increased, likely due to 
younger birds laying lighter eggs later in the 
season (Moreno 1998; Christians 2002).
At three-egg clutches, our results suggest 
a differential pattern of intra-clutch varia-
tion at the two studied colonies. Three-egg 
clutches at Vernaci Sudoeste Island present-
ed similar masses for a- and b-eggs, and these 
were heavier than c-eggs. This pattern con-
trasted with the steady decrease in relation 
to laying order that was observed for three-
egg clutches at Punta Loma. Furthermore, 
b- and c-eggs in three-egg clutches from Ver-
naci Sudoeste Island were heavier than cor-
responding eggs from Punta Loma. While 
the diet of Kelp Gulls from Punta Loma is 
mostly based on natural sources (M. Ric-
ciardi and P. Yorio, unpubl. data), Kelp Gulls 
from Vernaci Sudoeste Island take advantage 
of significant amounts of fishery waste pro-
vided by commercial trawlers, which have 
operated in the vicinity year round since the 
1980s (González-Zevallos and Yorio 2006; 
González-Zevallos 2010; González-Zevallos 
et al. 2011). The consumption of fishery 
waste could enhance female body condition, 
resulting in an increase in egg size. In sev-
eral seabird species, fishery waste has been 
shown to affect breeding parameters, includ-
ing egg size (Oro 1999). Supplemental food 
in the form of fisheries discards and urban 
refuse has also been mentioned as a possible 
factor that has driven population increases 
in the San Jorge Gulf area during the last 2 
decades (Lisnizer et al. 2011).
Even though our data suggest that differ-
ences in egg mass between colonies could 
be a consequence of differences in food 
Figure 2. Mean estimated mass of eggs of Kelp Gulls 
(Larus dominicanus) in relation to laying order and study 
site (Punta Loma or Vernaci Sudoeste Island) for (A) 
two-egg clutches (n = 124) and (B) three-egg clutches (n 
= 138). First-, second- and third-laid eggs were coded as 
a-, b- and c-eggs, respectively. Numbers indicate sample 
size; whiskers show SE.
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availability between study sites, we cannot 
rule out two alternative explanations. First, 
some studies in new colonies of gulls and 
terns reported that they were mainly com-
posed by young breeders (Coulson and 
White 1956; Tims et al. 2004). Because egg 
size increases with age in several bird species 
(see Christians 2002 for a review), lighter 
eggs at Punta Loma, compared to those 
from an old-established colony at Vernaci 
Sudoeste Island, could be the consequence 
of a higher proportion of young breeders. 
Unfortunately, age of birds was not known in 
our study, and future research evaluating the 
effect of age on egg mass is needed to clarify 
this point. Second, as data collection at Ver-
naci Sudoeste Island and Punta Loma was 7 
years apart, differences in egg mass could be 
the consequence of yearly variations in sea 
conditions. It must be noted, however, that 
there was no inter-annual variability in egg 
mass within colonies. Even though we only 
sampled two breeding seasons in each colo-
ny, our results suggest a low temporal varia-
tion probably as a consequence of conserved 
environmental conditions or consistent food 
availability at the study sites. Long term stud-
ies simultaneously analyzing Kelp Gull egg 
size, food availability and diet are needed to 
elucidate this issue.
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